The contribution
II. The Working of an Autonomous Vehicle or a Self-Driving Car
There are five stages in the course of operating a non-autonomous vehicle. During the first stage, the user of a vehicle needs to define his location. This allows him to choose a route. The user gathers data from his surroundings through sensory perception in a second stage. The third stage relates to the interpretation of this data. More specifically, the user will transform the collected data into useful information. The user subsequently takes a decision in the fourth stage. He could, for instance, decide to adapt his speed or his direction. The fifth stage consists of the actual execution of the decision. 8 During each of these five stages, the user can be assisted or even replaced by technology. A self-driving car localises itself by using Light Detection and Ranging (Lidar), a Global Positioning System (GPS) and digital maps. Lidar identifies objects in the surroundings by using laser beams. The combination of this information together with data provided by the GPS and/or programmed digital maps allows a self-driving car to precisely determine its position (cf. first stage). 9 To perceive its surrounding, an autonomous vehicle uses different kinds of sensors such as cameras, Radio Detection and Ranging (Radar), Lidar, infrared cameras and ultrasonic sensors. 10 One or more Lidar sensors are placed on top of the vehicle and provide a 360-degree view around the vehicle. This way, Lidar makes it possible to detect the position and movement of objects in the surroundings of the car. 11 Radar uses radio waves to detect objects. It has a greater reach than Lidar and is better at evaluating the speed of moving objects. However, Radar is less precise in localising objects. 12 Cameras in turn are useful as they can recognise colours. This makes it possible to transmit important information regarding traffic lights and signs. 13 Based on these sensors and programmed digital 74; Surden, H., Williams, M.A. (2016), Technological Opacity, Predictability, and Self-Driving Cars, Cardozo Law Review, Vol. 38, pp. 121-181, at pp. 129-150. 6 The many studies used and referred to in this contribution will make this clear. In the context of liability for damage caused by self-driving cars in Belgium, for instance, reference can be made to: Tanghe 7 Reference can be made to the working of the EU High Level Group GEAR 2030. The Group debates the main challenges for the automobile industry in the next fifteen years and will make recommendations to ensure that the relevant policy, legal and public support framework is in place for the roll-out of highly automated and connected vehicles by 2030 (see for more information: http://ec.europa.eu/growth/sectors/automotive/policy-strategy_nl). maps, a self-driving car is able to obtain an accurate impression of its surrounding (cf. second stage). 14 Software systems subsequently have to interpret the collected data and transpose it into useful information (cf. third stage). Based on this information, software systems will make a decision (cf. fourth stage) and subsequently execute it (cf. fifth stage). 15 Vehicles will not suddenly become fully autonomous or self-driving. Instead, technology will gradually take over a user's control over the vehicle in three steps. In a first stadium, different forms of sensor technology provide the user of the vehicle with information about his location and surroundings (e.g. GPS or all kinds of warning systems such as parking sensors). These forms of technology affect a user's localisation (cf. first stage), perception (cf. second stage) and interpretation (cf. third stage) but cannot make or execute any decisions themselves (cf. fourth and fifth stage). 16 The second stadium of technological evolution relates to the vehicle's automatisation. Automatisation simplifies driving tasks by automatically implementing the user's instructions. This technology does not make any decision either. 17 In a third technological stadium, forms of software technology allow the vehicle to make decisions itself (cf. fourth stage). Thus, instructions by the user become less important or even redundant. This is referred to as the autonomisation of traffic. The essence of a self-driving car, therefore, is the fact that it can make certain choices by itself. 18 This autonomisation of vehicles will occur in different steps. 19 Some forms of partial vehicle autonomy are already available today. These are covered by the umbrella term Advanced Driver Assistance Systems (ADAS). 20 The combination of all these technologies allows vehicles to become increasingly autonomous. As a consequence, the commercialisation of vehicles able to transport a person entirely autonomously without any human interference seems inevitable. In that case, one can speak of a fully autonomous or 'driverless' vehicle. 21 Today, only prototypes of such vehicles exist. They are currently tested on the road by companies such as Google and Tesla. 22
III. Benefits and Challenges of Self-Driving Cars
The rise of autonomous vehicle technology has different benefits. Foremost, traffic will become much safer with software operating the vehicle. The number of accidents will reduce as computers are generally much better drivers than their human equivalents. The focus of software systems, for instance, does not diminish due to fatigue, alcohol or checking social media. The ability of software to react is much faster and more accurate than that of humans. 23 Transport will also
The Rise of Self-Driving Cars … become more time efficient. Human passengers have the possibility to be involved in other professional or leisure activities as they do not necessarily have to pay attention to the road. All these factors have a positive influence on productivity and the work/life balance. 24 Autonomous vehicle technology also increases mobility for those who are currently unable or unwilling to drive such as elderly, minors or disabled people. 25 There are, however, several challenges and concerns regarding self-driving cars as well. These relate to technological aspects, the influence of autonomous vehicles on various facets of society such as employment, transportation or public infrastructure, and legal issues. 26 First, technological concerns remain. Recent accidents involving Tesla and Google vehicles illustrate that autonomous technology is not entirely flawless. 27 The autopilot sensors of a Tesla car, for instance, were not able to distinguish a white tractor-trailer crossing the highway from the bright sky above, leading to a fatal crash. 28 Autonomous vehicles will probably have to share the road with 'regular' non-autonomous cars and other road users during a considerably long transition period. This interaction between humans and software will inevitably lead to accidents. In February 2016, a Google autonomous vehicle hit a bus because it did not know that long vehicles are less inclined to stop and give way. 29 Moreover, the technology used in self-driving cars is still costly nowadays making their commercialisation less interesting. 30 Second, autonomous vehicles will have an influence on various facets of our society such as employment, transportation and public infrastructure. 31 nowadays employed in the transportation sector and the related industries. 32 Companies could develop an on-demand taxi service using self-driving vehicles that would replace human taxi drivers. 33 Experts also predict a decline in the 'crash economy' once autonomous vehicles are commonly used. When traffic becomes safer, there will be less need for certain services such as garages, lawyers, insurance companies or physical therapists. 34 Autonomous vehicles will also affect the road capacity, induce a change in the development of roadways and result in an increased need for technological infrastructure. Self-driving cars used for urban driving will probably be smaller and, therefore, use less road capacity. These vehicles will also be in operation most of the time, especially when mobility demand is high. As a consequence, cities will need fewer parking spaces and can use that space for other purposes (e.g. creating additional lanes). The advantages of self-driving cars could also affect the use of trains, planes and public transport. It has already been mentioned that users of an autonomous car can spend their time in the vehicle to work, enjoy free time or even catch some sleep. This might decrease the demand for other means of transportation offering the same advantages such as trains, busses or airplanes. Additionally, the way in which roadways are maintained and their infrastructural components may change over time. When vehicles become fully autonomous, there may no longer be a need for guardrails, traffic lights or rumble strips. Instead, the government will have to invest in infrastructure and safety tools adapted to self-driving cars. 35 Third, the legal framework might need a fundamental make-over. 36 The Belgian Highway Code, for example, is not yet adapted to the introduction of autonomous car technology as it still requires that each vehicle has a 'driver'. 37 The driver must at all times be able to perform the necessary driving actions and must have his vehicle under control. 38 This requirement does not seem tenable in light of autonomous car technology. Besides privacy issues related to self-driving cars, 39 the question also arises who should be held liable for damage caused by such vehicles. 40 Reliance on fault-based liability will become uncertain in the context of autonomous vehicles. It will, for instance, not be straightforward to determine who the 'driver' is in an autonomous vehicle and whether he can be held liable for a violation of the law that is actually committed by the vehicle itself (e.g. crossing a red light). Liability in traffic-related matters will, therefore, evolve from a fault-based mechanism towards forms of strict liability. As a result, victims will have to target other parties to claim recovery such as the producer of the vehicle or the software. Research, however, shows that the application of the existing strict liability regimes might not be straightforward in the context of autonomous vehicles either. For instance, it is unsure if software is considered a product that falls within the Product Liability Directive 41 and whether the defect that caused the damage already existed at the time when the vehicle was put into circulation. 42 Considering that the rise of self-driving cars might also result in cross-border conflicts, private international law issues will become important.
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IV. Private International Law Rules and Self-Driving Cars
The arrival of self-driving cars is very likely to become a global phenomenon. Their use will be widespread and will not be confined to the territories of individual countries. They will instead operate across national borders. Families will use their autonomous vehicle to be driven to a holiday resort in another country, businesses will rely on self-driving trucks to ship goods to foreign customers and employees who have to visit international clients will do so in their autonomous company car. Therefore, the rules of private international law come into play. Private international law is an area of law that regulates the relationship between different national legal systems. It deals with situations of a private law nature that contain a cross-border element (also called: international element). It is important to note that such cross-border element or international element can be present even if the autonomous vehicle does not cross a boundary between different nations. If two self-driving cars owned by Croatians collide in the city of Zagreb and one of the owners wants to sue the Swedish producer of the defective software that caused the accident, the software producer's foreign location is enough to trigger the application of private international law rules.
Traditionally, private international law consists of three main pillars. The first is international jurisdiction, the branch of private international law that determines which courts will be able to rule on the cross-border dispute. The second is the applicable law, which designates the national law that will govern the dispute and that the forum court will have to apply to decide the case before it. The third one deals with the enforcement of judgments and authentic instruments but is not relevant for this contribution.
In the following pages, the current private international law framework for jurisdiction (part A) and applicable law (part B) within the European Union are briefly discussed. We thereby only focus on rules that are relevant in the context of accidents with self-driving cars. We will analyse whether these applicable rules of private international law rules might be problematic in matters concerning such vehicles. The importance of this question was recognised by the European Union when it commissioned, through the European Parliament's Policy Department for Citizens' Rights and Constitutional Affairs at the request of the Committee on Legal Affairs (JURI committee), a study analysing the potential legal impact of the introduction of connected and autonomous vehicles on rules of private international law determining jurisdiction and applicable law in the EU Member States in the event of a cross-border traffic accident (hereafter: the Study on Cross-border Traffic Accidents in the EU -the Potential Impact of Driverless Cars). 43 41 Article 2 defines a product as "all movables, with the exception of primary agricultural products and game, even though incorporated into another movable or into an immovable" (Council Directive 85/374/EEC of 25 July 1985 on the approximation of the laws, regulations and administrative provisions of the Member States concerning liability for defective products, OJ L 210). 42 According to article 7, the producer will not be held liable if he proves that, having regard to the circumstances, it is probable that the defect that caused the damage did not exist at the time when the product was put into circulation by him or that this defect came into being afterwards. 
A. Jurisdiction
The Brussels Ibis Regulation regulates the competence of EU courts in civil and commercial cases. 44 The Regulation indicates the Member State of which the courts have jurisdiction to hear the case. It does not lay down before which courts within that Member State the claim has to be brought (exceptions are article 7.2 and article 11.1.(b), see infra). That is determined by the national procedural rules of subject-matter jurisdiction and territorial jurisdiction of the forum.
According to the basic principle laid down by article 4.1 of the Regulation, jurisdiction is to be exercised by the courts of the EU Member State in which the defendant is domiciled, regardless of nationality. The domicile or nationality of the claimant has no impact whatsoever. The Regulation in principle only applies if the defendant has his/her/its domicile within the European Union (although there are many exceptions that erode the basic principle). To determine the domicile of natural persons, the Brussels Ibis Regulation refers to national law (article 62). Conversely, the domicile of legal persons is defined autonomously in the Regulation (recital 15). The domicile of companies is located in the place where the corporation has its statutory seat, central administration or principal place of business (article 63.1). The operation of the basic principle of the Regulation is straightforward. Claims against the keeper of the autonomous vehicle, the manufacturer of the vehicle or the developer of the software, to name just a few, will have to be brought before the courts of the Member State where the keeper, manufacturer or developer respectively is domiciled.
In certain instances, the claimant will be able to bring the claim in another Member State than the one where the defendant is domiciled. Article 7 provides a list of additional venues that are available next to the domicile of the defendant. Of particular interest is article 7.2, which contains a special jurisdictional rule for tort claims. The defendant of a tort claim can on the basis of article 7.2 be summoned before the courts of the place in a Member State where the harmful event occurred or may occur. It should be noted that the Regulation deviates from its normal pattern and designates which courts within the Member State have jurisdiction (namely the ones of the place where the harmful event occurred or may occur). This special ground is only available if the defendant is domiciled in the EU. In the Bier case, the European Court of Justice (ECJ) established the rule of the double forum, which states that article 7.2 grants jurisdiction to the courts of the place where the damage occurred (locus damni -Erfolgsort) as well as to those of the place of the event giving rise to that damage (locus actus -Handlungsort). 45 The locus damni can only be construed as a place where direct, initial damage is suffered. 46 The existence of article 7.2 thus offers the victim of an accident with supplementary options. The tort claim against a defendant domiciled in the EU can always be filed in the Member State where the accident took place as this corresponds to the locus damni prong of the Bier judgment. The usefulness of the locus actus prong can be demonstrated with an example. Weaker parties receive procedural protection under the Brussels Ibis Regulation. Under the Regulation, insurance, consumer and employment contracts involve a weaker party that should be protected by rules of jurisdiction more favourable to his interests than the general rules (recital 18). Jurisdiction in insurance, consumer and employment matters is determined, apart from some minor exceptions, solely by the respective sections dealing with those types of contracts (articles 10, 17.1 and 20.1) For the purposes of this contribution, it is interesting to look at insurance contracts and the regime they are subjected to, which differs from the normal approach of the Regulation.
Imagine that a Croatian national, domiciled in Zagreb, is driving his car around Germany's capital Berlin and gets rear-ended by an autonomous vehicle owned by a French national, domiciled in Paris. The accident is caused by a malfunctioning camera in the vehicle of the French national. The car was manufactured by a Swedish company in a factory in Gent in Belgium. The Croatian victim can sue the French national in France (article 4.1) or before the courts of Berlin as locus damni (article 7.2). However, a more viable option for the victim could be to bring a claim based on product liability against the Swedish manufacturer as "deep-
The insurer may bring proceedings only in the courts of the Member State in which the defendant is domiciled, irrespective of whether he is the policyholder, the insured or a beneficiary (article 14.1). This is consistent with the basic premise of the Regulation. When the claim is brought against the insurer, the insurer domiciled in a Member State may be sued in the courts of the Member State of his domicile (article 11.1.(a)). When the claim concerns liability insurance, the insurer may in addition be sued in the courts for the place where the harmful event occurred (article 12). This ground of jurisdiction corresponds to article 7.2 and takes its place in insurance matters. However, actions by the policyholder, the insured or a beneficiary may also be brought in the courts for the place (in a Member State) where the claimant is domiciled (article 11.1.(b)). Note how the provision determines international and, simultaneously, local jurisdiction. 48 In private international law, the possibility to sue in one's own domicile is called a forum actoris. Articles 10, 11 and 12 also apply to actions brought by the injured party directly against the insurer, where such direct actions are permitted (article 13.2).
In the European Union, the victim of a traffic accident has the option to bring a direct claim against the liability insurer of the car involved in causing the damage. This is guaranteed by article 18 of Directive 2009/103/EC, which compels Member States to ensure that any party injured as a result of an accident caused by a vehicle covered by insurance as referred to in article 3 of the Directive (i.e. compulsory civil liability insurance in respect of the use of vehicles) enjoys a direct right of action against the insurance undertaking covering the person responsible against civil liability. 49 In practice, victims usually bring a claim directly against the insurer. 50 Due to the availability of the forum actoris in article 11.1.(b) of the Brussels Ibis Regulation, the victim of an accident with a self-driving car will thus be able to initiate a direct action against the liability insurer of the vehicle involved in causing the damage before the courts of his own domicile. 51 Litigating in one's own domicile has obvious benefits: proximity and familiarity with local procedure to name but a few of those advantages. 
B. Applicable Law
Once the jurisdiction of the court of a Member State has been established, the question becomes which law this court will apply to decide the dispute. In the European Union, the Rome II Regulation has laid down uniform rules for determining the law applicable to non-contractual obligations. 52 The Regulation upholds the principle of universal application. Any law specified by the Regulation shall be applied whether or not it is the law of a Member State (article 3).
In the absence of a choice of law between both parties pursuant to article 14, the pivotal provision is article 4 which lays down the general rule of the lex loci damni. 53 The law applicable to non-contractual obligations is the law of the country in which the damage occurs irrespective of the country in which the event giving rise to the damage occurred and irrespective of the country or countries in which the indirect consequences of that event occur (article 4.1 and recital 17). 54 Only when both the tortfeasor and the victim have their habitual residence (as defined by article 23) in the same country at the time when the damage occurs, the law of that country shall apply in lieu of the lex loci damni (article 4.2). For the determination of the place of the damage, one can fall back on the case law concerning article 7.2 of the Brussels Ibis Regulation as the Rome II Regulation requires its provisions to be interpreted consistently with the Brussels I Regulation (recital 7 of the Rome II Regulation) and, therefore, also with the latter's successor, the Brussels Ibis Regulation. These general provisions are applicable to traffic accidents.
Under the Regulation, product liability is governed by a separate article (article 5) with criteria that deviate from the general rule in article 4. A choice of law between the parties in accordance with article 14 is possible. Article 5 is construed as a cascade of connecting factors. First, the law of the country of the common habitual residence of the tortfeasor and the victim is to be applied (article 5.1). Second, in the absence of a common habitual residence, one has to apply the law of country of the injured party's habitual residence when the damage occurred, provided the product was marketed in that country (article 5. 1.(a) ). For the provision to apply it is not required that the product that caused the damage was bought in the country of habitual residence of the victim. It suffices if the line of products was marketed in that country. This follows from the second sentence of article 5.1 as this refers to "the marketing of the product, or a product of the same type". 55 This caveat applies throughout article 5. If the requirements of article 5.1.(a) are not fulfilled, the third step is to apply the law of the country in which the product was acquired, if the product was marketed in that country (article 5.1.(b)). Failing that, the fourth step leads to the application of the law of the country in which the damage occurred, provided the product was marketed there. Finally, the applicable law shall be the law of the country in which the person claimed to be liable is habitually resident if he or she could not reasonably foresee the marketing of the product, or a product of the same type, in the country the law of which is applicable under article 5.1.(a), article 5.1.(b) or article 5.1.(c). This foreseeability clause will be insignificant in practice because most products are being distributed throughout Europe and even manufacturers and distributors are well aware of that fact. 56 As the Rome II Regulation has harmonised the EU Member States' conflict of laws rules in non-contractual matters, it does not matter where in the EU the suit is brought. The rules designating the applicable law are the same for every court in the EU, leading to the application of the same national law. Certainty as to the applicable law improves the predictability of the outcome of litigation and subsequently contributes to the proper functioning of the internal market (recital 6). The harmonisation effort of the Rome II Regulation is, however, distorted by the existence of international conventions. For EU countries that are signatory states to the 1971 Hague Traffic Accidents Convention and/or 1973 Hague Products Liability Convention, these instruments provide the conflict of laws rules for non-contractual liability arising from traffic accidents and the conflict of laws rules for non-contractual liability for defective products respectively. According to article 28 of the Rome II Regulation, the Regulation does not prejudice the application of international conventions unless the conventions were concluded exclusively between two or more EU Member States. As both the Hague Traffic Accidents Convention and the Hague Products Liability Convention also have members from outside the EU, they take precedence over the Rome II Regulation. Article 28 thus permits the coexistence of two different sets of private international law rules within the EU. 57 The 1971 Hague Traffic Accidents Convention determines the law applicable to noncontractual liability arising from traffic accidents (article 1, paragraph 1). Currently twenty-one countries are member of the Convention. 58 Among them are thirteen EU Member States such as Croatia, France, Belgium and Spain. When the judges of the countries bound by the Convention are confronted with a traffic accident with an international element they have to resort to the conflict of law rules of the Convention to find the applicable law. Under the Hague Traffic Accidents Convention there is no reciprocity requirement, i.e. the Convention is applicable even if the law to be applied is not that of a signatory state (article 11). In other words, like the Rome II Regulation the Convention sets forth the principle of universal application. Certain aspects such as recourse actions and the liability of manufacturers, sellers and repairers of vehicles are excluded from the Convention's field of application (article 2, (1) and article 2, (4-6)).
As a basic principle, the law applicable is the law of the State where the accident occurred (lex loci delicti) (article 3). The Convention, however, provides for certain circumstances in which another law will govern the question of liability. When only one vehicle is involved in the accident and it is registered in a State other than that where the accident took place, the law of the State of registration (lex vehiculi) applies to determine liability towards the driver, owner or any other person having control of or an interest in the vehicle irrespective of their habitual residence (article 4, a), first indent). The law of the registration State also applies to determine liability towards a victim who is a passenger and whose habitual residence is in a State other than that where the accident occurred (article 4, a), second indent). Lastly, liability towards victims who are outside the vehicle at the place of the accident and whose habitual residence is in the State of registration also fall under the law of the State of registration of the vehicle (article 4, a), third indent). In accidents where two or more vehicles are involved, the same exceptions to the lex loci delicti apply but only if all vehicles are registered in the same State (article 4, b)). Where one or more persons outside the vehicle or vehicles at the place of the accident are involved in the accident and may be liable, the derogations from the lex loci delicti principle are applicable only if all these persons have their habitual residence in the State of registration, even if these persons are also victims of the accident (article 4, c)).
The 1973 Hague Products Liability Convention determines the applicable law in product liability cases. Eleven states currently apply the Convention. Among them are seven EU Member States. 59 Croatia, France and Spain serve as prominent examples. The Convention also operates on the basis of universal application (article 11). The law of the country of the habitual residence of the person directly suffering damage applies, if that country is also the principal place of business of the person claimed to be liable or the place where the product was acquired by the person directly suffering damage (article 5). Failing that, the law to be applied is the law of the country where the 57 injury occurred, provided this is also the place of the habitual residence of the person directly suffering damage, or the principal place of business of the person claimed to be liable, or the place where the product was acquired by the person directly suffering damage (article 4). Finally, the applicable law shall be the law of the country of the principal place of business of the person claimed to be liable, unless the claimant chooses to base his claim upon the law of the country of the place of injury (article 6).
As mentioned before, some Member States apply the Rome II Regulation to traffic accidents whereas others apply the 1971 Hague Traffic Accidents Convention. A comparison of the rules of both instruments reveals that the connecting factors utilised are not the same. The applicable law will thus be different depending on the EU Member State in which the claim is brought. Such a split in conflict regimes is an unwelcome plight. 60 Consider the following example: Whether the convergence between jurisdiction and applicable law, which is called Gleichlauf 61 in private international law circles, is desirable need not be answered here. The concern is that the same traffic accident is subjected to a different national law, depending on where in the EU the litigation takes place. As national substantive laws regarding liability for traffic accidents vary considerably, 62 the choice of forum could be crucial. This problem affects all traffic accidents and is thus not unique to self-driving cars. The European Parliament identified the issue in its resolution of 16 February 2017 with recommendations to the Commission on Civil Law Rules on Robotics. It noted that simplifying the current dual system for defining applicable law (based on the Rome II Regulation and the 1971 Hague Convention on the law applicable to traffic accidents) would improve legal certainty and limit possibilities for forum shopping. In product liability cases the same duality of EU countries applying the Rome II Regulation and those applying the 1973 Hague Products Liability Convention arises. The more modest number of EU countries that are member to the Convention and the limited harmonisation by the Products Liability Directive 74 somewhat soften the impact of the coexistence. 75 However, the predicted increased reliance on claims against the producer in the context of self-driving cars in turns exacerbates the situation. 76 
V. Concluding Remarks
The contribution shed light on the impact of self-driving cars on our daily lives. Although the commercialisation of such vehicles surely has many benefits, several obstacles will need to be overcome before society will be able to enjoy them. One challenge lies in the legal field. Whereas the question as to who should be held liable for damage caused by an autonomous vehicle has already been addressed in academia, less attention has been dedicated to the relationship between autonomous vehicles and the existing private international law rules in the EU. Our analysis shows that the existing rules of jurisdiction and applicable law do not pose particular problems when applied to self-driving cars. There are no issues that are exclusively related to self-driving cars. The rise of autonomous vehicles does enlarge the existing problems. The coexistence of the Rome II Regulation and the 1971 Hague Traffic Accidents Convention prevents the unified application of law governing traffic accidents in the EU. Depending on the EU Member State in which the claim is brought, the applicable law is determined by the Regulation or by the Convention, which can lead to different results. The same can be said mutadis mutandis of the relationship between the Rome II Regulation and the 1973 Hague Products Liability Convention. As product liability will play a more prominent role in the context of autonomous vehicles, the latter dichotomy will be encountered increasingly more often. This issue needs to be addressed, in order for predictability to be achieved and legal certainty to be safeguarded.
